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ABSTRACT
This paper presentsXMM-Newton and Chandra X-ray spectroscopy of ten flat-spectrum radio
quasars (FSRQ) which are candidates to have an X-ray spectrum dominated by jet synchrotron
emission. In all these FSRQ, which are less strongly relativistically beamed than blazars, a
considerable contribution from a power-law component similar to that present in radio-quiet
quasars is required to explain the observed X-ray fluxes and X-ray spectral slopes. And as in
radio-quiet quasars, their relatively high optical/UV fluxes can be accounted for by a significant
contribution from thermal accretion disk emission. The lack of success in finding radio quasars
with synchrotron X-rays is attributed to the adopted selection criteria, which were based on
the multiwavelength flux ratios of BL Lacertae (BL Lac) objects. A refined selection technique,
which additionally involves radio imaging, is proposed to search for these important candidates
for the Gamma Ray Large Area Space Telescope (GLAST). On the other hand, the discovered
FSRQ with their strong accretion disk signatures are expected to be important probes for studies
of the poorly known accretion disk - jet connection.
Subject headings: galaxies: active - quasars: general - radiation mechanisms: non-thermal - X-rays:
galaxies
1. Introduction
Blazars offer us the unique possibility to study
the spectral energy distributions (SEDs) of rela-
tivistic jets. Being radio galaxies with their jets
oriented at relatively small angles with respect to
our line of sight they profit from the relativistic
beaming effect. This enhances dramatically (by
factors up to ∼ 1000) the intrinsic jet (core) flux
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and thus makes it the dominant continuum emis-
sion at all frequencies [see Urry & Padovani (1995)
for a review].
As first discussed by Jones et al. (1974) two
emission processes dominate the multiwavelength
SEDs of relativistic jets and, therefore, of blazars,
namely, synchrotron and inverse Compton. These
give rise to two prominent emission peaks in a
logarithmic νfν − ν plot, which were observation-
ally demonstrated by Sambruna et al. (1996) and
Fossati et al. (1998). The synchrotron emission
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peak (νpeak) in blazars is observed within a wide
range of frequencies (from infrared to soft-X-rays)
in sources with weak emission lines, the BL Lac-
ertae objects (BL Lacs; e.g., Giommi et al. 1995;
Fossati et al. 1998; Giommi et al. 2005). How-
ever, strong-lined blazars, the flat-spectrum radio
quasars (FSRQ), had until recently synchrotron
emission peaks at relatively low energies and thus
X-rays dominated by inverse Compton emission
(e.g., Gambill et al. 2003; Tavecchio et al. 2002;
Sambruna et al. 2006).
Based on this finding some authors proposed
the so-called “blazar sequence” (Sambruna et al.
1996; Fossati et al. 1998; Ghisellini et al. 1998).
This scenario advocates that the frequency of the
synchrotron emission peak is governed by particle
Compton cooling by an external radiation field.
Such a field, produced by, e.g., the accretion disk
or broad emission line region (BLR), both more
luminous in radio quasars than in BL Lacs, is
expected to interact with the particles in the jet
via the inverse Compton process causing them to
lose energy. Therefore, within this scenario ra-
dio quasars with νpeak > 10
15 Hz and thus X-
rays dominated by synchrotron emission are not
expected to exist.
Two new surveys have recently shown that
mere selection effects had prevented us so far
from finding “X-ray loud” radio quasars, allow-
ing for the possibility that radio quasars with
high νpeak existed. About 10% of the FSRQ
discovered in the Deep X-ray Radio Blazar Sur-
vey (DXRBS; Perlman et al. 1998; Landt et al.
2001) and ∼ 30% of the ones identified in the
ROSAT All-Sky Survey (RASS) - Green Bank
(RGB; Laurent-Muehleisen et al. 1998, 1999) have
multiwavelength flux ratios similar to those of
BL Lacs with synchrotron X-rays (Padovani et al.
2003). In addition, subsequent investigations
of the EINSTEIN Medium Sensitivity Survey
(EMSS) and the Slew survey revealed that these
radio quasars had gone undetected in previous
surveys (Wolter & Celotti 2001; Perlman et al.
2001).
The definite proof of the synchrotron nature
of the X-ray emission in these newly discovered
blazars, however, requires X-ray spectroscopy.
Padovani et al. (2002) presented BeppoSAX ob-
servations of four “X-ray loud” FSRQ and found
that the synchrotron emission of one source,
RGB J1629+4008, peaked at UV frequencies
(νpeak ∼ 2 × 10
16 Hz) and dominated the X-rays.
In this paper we present XMM-Newton and Chan-
dra observations of a further ten of these sources.
The observed sample was selected as discussed
in Section 2 and the data acquired and analyzed as
described in Section 3. The multiwavelength SEDs
of the sample are presented in Section 4 and the
results discussed in Section 5. Section 6 gives a
brief summary. Throughout this paper cosmologi-
cal parametersH0 = 70 km s
−1 Mpc−1, Ωm = 0.3,
and ΩΛ = 0.7 have been assumed. Energy spectral
indices have been defined as fν ∝ ν
−α and photon
spectral indices as N(E) ∝ E−Γ, where Γ = α+1.
2. The Sample Selection
We have selected for X-ray spectroscopy FSRQ
from the DXRBS and RGB survey which had mul-
tiwavelength flux ratios similar to those of BL Lacs
with X-rays dominated by synchrotron emission.
To this selection criterion we have added different
constraints in the case of the XMM-Newton and
the Chandra observed samples (see below).
As first suggested by Padovani & Giommi
(1995) BL Lacs that emit synchrotron radiation
which peaks at low (IR/optical) frequencies, the
so-called low energy-peaked BL Lacs (LBL), can
be distinguished from those that emit synchrotron
radiation which peaks at higher (UV/soft-X-ray)
frequencies, the so-called high energy-peaked BL
Lacs (HBL), by their distinct ratios between their
radio, optical and X-ray fluxes. These ratios
are usually studied by plotting the objects in an
(αro, αox) plane, where αro and αox are the usual
rest-frame effective spectral indices defined be-
tween 5 GHz, 5000 A˚, and 1 keV. In this plane
constant αrx values are represented by straight
lines of slope ∼ −0.5 (see Fig. 1).
A sequence of synchrotron emission peak fre-
quencies in BL Lacs produces a specific trail in
the (αro, αox) plane (Padovani & Giommi 1995).
While the synchrotron emission peak is at low
enough frequencies for the X-rays to be domi-
nated by inverse Compton radiation (as in LBL),
αrx is roughly constant, whereas αro decreases
and αox increases as the peak moves to higher
energies (see also Giommi et al. (2002)). When
the synchrotron radiation starts to dominate the
X-ray band (as in HBL), αrx starts to decrease,
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with LBL and HBL having values of αrx > 0.78
and ≤ 0.78, respectively (Padovani & Giommi
1996). Now αro is roughly constant (and low)
and αox decreases. Based on these considerations
Padovani et al. (2003) have defined a region in
the (αro, αox) plane expected to be populated by
high-energy peaked blazars, both BL Lacs and
FSRQ (see their Fig. 1). This so-called “HBL
box” represents the 2 σ region around the mean
αro, αox, and αrx values of all HBL in the multi-
frequency active galactic nuclei (AGN) catalog of
Padovani et al. (1997).
We have selected for X-ray spectroscopy with
XMM-Newton and Chandra FSRQ that popu-
late the “HBL box” (Fig. 1). For observations
with XMM-Newton we have chosen FSRQ from
DXRBS only and have additionally required that
the synchrotron emission peak frequency, esti-
mated from a crude multiwavelength SED in-
cluding only radio, optical and X-ray data points
(Padovani et al. 2003), was νpeak > 10
15 Hz.
Eight sources satisfied these criteria and were pro-
posed. We were granted observing time in Cycle
3 for 4/8 sources (PI: Padovani). For observations
with Chandra we have selected sources from the
sample of DXRBS and RGB FSRQ imaged with
the VLA by Landt et al. (2006) and made an ad-
ditional constraint that extended radio structure
was present. In this case the goal was to study
the extended X-ray morphology in addition to the
core spectrum. Six sources satisfied these criteria
and were proposed. We were granted observing
time in Cycle 6 for all six sources (PI: Landt).
Table 1 summarizes the general properties of
our sample. For all ten X-ray observed sources we
have deep radio observations obtained with the
VLA at 1.4 GHz in A configuration and for 8/10
sources also in C configuration. These data have
been published recently (Landt et al. 2006) and
we reproduce here for convenience also some of
these radio measurements.
3. The X-ray Observations
On-board XMM-Newton we used the European
Photon Imaging Camera (EPIC). In Table 2 we
give the journal of observations for the three CCD
cameras, MOS 1, MOS 2 and PN. All three cam-
eras were operated in small window mode and the
thin filter was used. The sourceWGA J1026+6746
was observed twice. However, the first observation
taken on 23 March 2004 was strongly affected by
high radiation and, therefore, not useful for our
purposes.
On-board Chandra we used the Advanced CCD
Imaging Spectrometer (ACIS) with the back-
illuminated S3 chip at the aim-point. All sources
were observed with a 1/8 subarray, except for
WGA J2347+0852 which was observed with a
1/4 subarray. The observations were performed
in faint timed mode. In order to avoid that the
readout streak falls on the extended jet structures
of our sources we additionally imposed roll an-
gle constraints. In Table 3 we give the journal of
observations.
3.1. The X-ray Data Analysis
The EPIC data were processed using the XMM
Science Analysis Software (SAS; version 6.1.0).
The initial data files were reprocessed with the
EMPROC and EPPROC scripts with default set-
tings, using the latest known calibration files (as
of August 2005). We used X-ray events with pat-
terns 0 − 12 and energies in the range 0.2 − 10
keV for the two MOS cameras. For the PN, we
selected X-ray events with patterns 0 − 4 (single
and double pixel events) and energies in the range
0.2−15 keV. The non-X-ray background was rela-
tively high only in the case of WGA J0110.5−1647.
For this source we excluded from the analysis of
the PN in the energy range > 10 keV time in-
tervals with count rates ≥ 1 counts s−1. Source
spectra were extracted from circular regions of 30′′
radius for the two MOS and 35′′ radius for the PN.
This corresponds to an encircled energy of ∼ 85%.
Background spectra were taken from a similar cir-
cular region, offset from the source position. None
of the source light curves showed variability over
the duration of the observations after the removal
of the background.
The ACIS initial event files were reprocessed
using the CIAO software package (version 3.3)
applying the latest known calibration files (as of
February 2006). We filtered for bad grades and
used only X-ray events with energies in the range
0.3− 10 keV. High non-X-ray background periods
were not present in our data. Source spectra were
extracted from circular regions of 3′′ radius, cor-
responding to an encircled energy of > 95% at 1.5
keV. Background spectra were taken from a simi-
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lar circular region, offset from the source position.
None of the source light curves showed variabil-
ity over the duration of the observations after the
removal of the background.
3.2. The X-ray Spectral Fits
The background subtracted EPIC and ACIS
spectra were fit using XSPEC (version 12.2), with
the individual response and ancillary matrices pro-
duced with SAS and CIAO, respectively, from the
source spectra. Spectra were binned to a mini-
mum of 20 counts per bin in order to apply the χ2
minimization technique.
We initially fit the individual X-ray spectra
from the three EPIC detectors in order to check
for consistency between the datasets. From a sim-
ple power-law fit we found that the photon indices
agreed within 2σ and that the relative normal-
izations were consistent to within 10%. There-
fore, for all sources we proceeded to fit the three
datasets simultaneously, allowing for the individ-
ual normalizations to vary.
We fit the data both with single and bro-
ken power-law models with photo-electric ab-
sorption using Wisconsin cross-sections from
Morrison & McCammon (1983). The hydrogen
column densities NH were fixed to the Galactic
value (Dickey & Lockman 1990) and in the case
of the single power-law fits also allowed to vary
in order to check for internal absorption and/or
indications of a “soft excess”. The results for the
single power-law fits to the EPIC and ACIS spec-
tra are reported in Tables 4 and 5, respectively.
The results for the broken power-law fits to the
EPIC and ACIS spectra are reported in Tables 6
and 7, respectively.
3.3. Discussion of Individual Sources
In the following we discuss for each object the
results of the X-ray spectral analysis. In Figs. 2
and 3 we show for the XMM-Newton and Chan-
dra observed sources, respectively, the best-fit for
the model which we consider the most appropri-
ate. This is a single power-law with Galactic ab-
sorption for 7/10 sources and a broken power-law
with Galactic absorption for 3/10 sources, namely,
WGA J0447−0322, RGB J0112+3818, and RGB
J2229+3057.
WGA J0110−1647. − The EPIC data are well
fit by a single power-law with Galactic absorption
and a spectral index of Γ ∼ 2. The data sug-
gest that a broken power-law is a better fit (F -test
> 99.9%) than a single power-law. But since the
break is at relatively high energies (E ∼ 7 keV),
the hard power-law cannot be constrained by the
present data. The soft spectral index is in this case
similar to the one obtained for the single power-
law fit. Additionally, there is a hint in the data
of a soft excess; the fit is marginally improved (F -
test ∼ 99%) assuming an absorption lower than
Galactic, but in this case the NH is not well con-
strained.
WGA J0304+0002. − The EPIC data are well
fit by a single power-law with Galactic absorption
and a spectral index of Γ ∼ 1.9. There is a hint
in the data of a soft excess; the fit is marginally
improved (F -test ∼ 98%) assuming an absorption
lower than Galactic. The fit is also marginally
improved (F -test ∼ 99%) if we assume a bro-
ken power-law instead of a single power-law. But
in this case both the soft and hard spectral in-
dices are similar to the one obtained for the single
power-law.
WGA J0447−0322. − The EPIC data are well
fit by a broken power-law with Galactic absorp-
tion. This fit represents a significant improve-
ment relative to a fit by a single power-law (F -
test > 99.9%). The resulting spectral indices of
the soft and hard power-laws are Γsoft ∼ 2.3 and
Γhard ∼ 1.7, respectively, with an observed break
at energy E ∼ 1.6 keV.
WGA J1026+6746. − The EPIC data are well
fit by a single power-law with Galactic absorption
and a spectral index Γ ∼ 1.8.
RGB J0112+3818. − The ACIS data are well
fit by a broken power-law with Galactic absorp-
tion. This fit represents a significant improve-
ment relative to a fit by a single power-law (F -
test > 99.9%). The resulting spectral indices of
the soft and hard power-laws are Γsoft ∼ 2.6 and
Γhard ∼ 1.7, respectively, with an observed break
at energy E ∼ 0.9 keV.
RGB J0254+3931. − The ACIS data are well
fit by a single power-law with Galactic absorption
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and a spectral index Γ ∼ 1.8.
RGB J2229+3057. − The ACIS data are well
fit by a broken power-law with Galactic absorp-
tion. This fit represents a significant improve-
ment relative to a fit by a single power-law (F -
test > 99.9%). The resulting spectral indices of
the soft and hard power-laws are Γsoft ∼ 2.3 and
Γhard ∼ 1.7, respectively, with an observed break
at energy E ∼ 1.5 keV.
RGB J2256+2618. − The ACIS data are well
fit by a single power-law with Galactic absorption
and a spectral index Γ ∼ 1.7.
RGB J2318+3048. − The ACIS data are well
fit by a single power-law with Galactic absorption
and a spectral index of Γ ∼ 1.7. There is a hint
in the data of a soft excess; the fit is marginally
improved (F -test ∼ 96%) assuming an absorption
lower than Galactic, but in this case the NH is
not well constrained. The fit is also marginally
improved (F -test ∼ 99%) if we assume a bro-
ken power-law instead of a single power-law. But
in this case both the soft and hard spectral in-
dices are similar to the one obtained for the single
power-law.
WGA J2347+0852. − The ACIS data are well
fit by a single power-law with Galactic absorption
and a spectral index of Γ ∼ 1.9. There is a hint
in the data of a soft excess; the fit is marginally
improved (F -test ∼ 97%) assuming an absorption
lower than Galactic. The fit is also marginally
improved (F -test ∼ 99%) if we assume a broken
power-law instead of a single power-law. But in
this case the break is at relatively high energies
(E ∼ 5 keV) and the resulting soft spectral index
is similar to the one obtained for the single power-
law fit.
4. The Spectral Energy Distributions
In order to constrain the origin of the X-ray
emission in our sources, and in particular to under-
stand if it is produced by the synchrotron jet com-
ponent, we have related it to the multiwavelength
SED. Additionally, we have estimated the flux
contribution expected from the two thermal emis-
sion components present in radio quasars, namely,
the accretion disk and the host galaxy.
4.1. The Multiwavelength Data
We have used the following uniform multiwave-
length data, which, with the exception of the mag-
nitudes from the Optical Monitor (OM) on-board
XMM-Newton, are non-simultaneous with our X-
ray observations (but, as noted below, in part si-
multaneous with each other):
1. radio core fluxes at 1.4 GHz obtained with
the VLA A array (from Landt et al. 2006,
reproduced in Table 1);
2. near-IR J , H and Ks magnitudes (simulta-
neous to each other) from the Two Micron
All Sky Survey (2MASS; Skrutskie et al.
2006) Point Source and Extended Source
catalogs (see Table 8, where the extended
fluxes are listed in parenthesis);
3. optical red and blue magnitudes (simulta-
neous to each other) from the Automatic
Plate Measuring catalogs (APM; Irwin et al.
1994) (see Table 8);
4. optical magnitudes (simultaneous to each
other) from the Sloan Digital Sky Sur-
vey (SDSS; Adelman-McCarthy et al. 2006)
Data Release 6 for WGA J0304+0002, our
only source included in this survey (u = 18.5
mag, g = 18.1 mag, r = 18.2 mag, i = 18.0
mag, and z = 18.2 mag);
5. far- and near-UV magnitudes (simultaneous
to each other) from the Galaxy Evolution
Explorer (GALEX; Martin et al. 2005) Data
Release 3 (see Table 8);
6. optical and UV magnitudes (simultaneous to
each other) from the OM for the four sources
observed with XMM-Newton (see Table 9);
7. dereddened optical spectra from Perlman et al.
(1998) and Landt et al. (2001) for the
DXRBS sources and from Laurent-Muehleisen et al.
(1998) for the RGB sources; and
8. unabsorbed ROSAT X-ray flux densities at
1 keV (see Table 1).
The multiwavelength SEDs of our sources are
shown in Figs. 4 and 5 for our XMM-Newton and
Chandra observed sources, respectively. We have
plotted the SEDs in the observer’s frame as log
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νfν vs. log ν. In such a representation the peak
indicates directly at which frequency most of the
energy is emitted. All magnitudes have been cor-
rected for Galactic extinction prior to their inclu-
sion in Figs. 4 and 5. For this purpose we used the
analytical expression for the interstellar extinction
curve of Cardelli et al. (1989) and a parameter of
RV = 3.1 to transform the AV values to Aλ val-
ues. We note that the optical spectra were ob-
tained through a relatively small (∼ 1′′) aperture,
and, therefore, in particular for nearby objects,
are not expected to account for all the flux from
extended emission components, such as, e.g., the
host galaxy (see Section 4.2.2).
4.2. The Thermal Emission Components
In addition to the relativistically beamed, non-
thermal jet emission, two thermal emission compo-
nents are expected to be present in radio quasars:
the accretion disk and the host galaxy. We have es-
timated their contribution to the multiwavelength
SED as follows.
4.2.1. The Accretion Disk
We have calculated accretion disk spectra as-
suming a steady geometrically thin, optically thick
accretion disk. In this case the emitted flux is in-
dependent of viscosity and each element of the disk
face radiates roughly as a blackbody with a char-
acteristic temperature, which depends only on the
mass of the black hole, MBH, the accretion rate,
M˙ , and the radius of the innermost stable orbit
(e.g., Peterson 1997; Frank et al. 2002). We have
adopted the Schwarzschild geometry (non-rotating
black hole) and for this the innermost stable orbit
is at rin = 6·rg, where rg is the gravitational radius
defined as rg = GMBH/c
2 with G the gravitational
constant and c the speed of light. Furthermore, we
have assumed that the disk is viewed face-on.
The accretion disk spectrum is fully constrained
by the two quantities, accretion rate and mass of
the black hole, which we have estimated as follows.
We have calculated the accretion rate from the
luminosity of the broad emission lines using the
two relations: (1) Lion = ǫM˙c
2, where Lion and
ǫ are the total ionizing power of the disk and the
efficiency for converting matter to energy, respec-
tively, with ǫ ∼6% in the case of a Schwarzschild
black hole; and (2) Lion = f
−1
covLBLR, where fcov
and LBLR are the BLR covering factor and lumi-
nosity, respectively. We have calculated BLR lu-
minosities from the fluxes of the observed broad
emission lines as described in Celotti et al. (1997).
The optical spectra of our sources cover mostly the
broad emission lines Mg II λ2798 and Hβ, and in
two cases also Hα. The BLR covering factor is
not well known, but is derived to be in the range
of ∼ 5− 30% (Maiolino et al. 2001, and references
therein) and in general a canonical value of ∼ 10%
is assumed (Peterson 1997).
Assuming that the BLR is gravitationally
bound, the mass of the black hole can be esti-
mated based on the virial theorem from the width
of a broad emission line and the ionizing lumi-
nosity. In this case the ionizing power is used
as a surrogate for the BLR radius. Following
D’Elia et al. (2003) we have calculated black hole
masses for 6/10 sources using the full width at
half maximum (FWHM) of Hβ and the ionizing
power Lion, the latter calculated from the BLR lu-
minosity as above. For 4/10 sources, for which the
optical spectrum does not cover the wavelength of
Hβ, we have used the Mg II FWHM as a substitute
for that of Hβ. As McLure & Jarvis (2002) have
shown, the widths of Hβ and Mg II are almost
identical, indicating that, as expected from their
(similar) ionization potentials, these two broad
emission lines are produced at similar radii.
In Table 10 we list for our sources the ob-
served BLR luminosities and line widths along
with the accretion rates and black hole masses
calculated assuming fcov = 10%. We note that
in two sources, namely, WGA J0304+0002 and
WGA J2347+0852, Hβ has a clear narrow compo-
nent, which we have subtracted before measuring
the width. In Figs. 4 and 5 we show accretion disk
spectra (black, dotted curves) for three sets of ac-
cretion rates and black holes masses corresponding
to fcov = 5, 10 and 30% (from top to bottom).
4.2.2. The Host Galaxy
The host galaxies of radio quasars are bright el-
lipticals that exhibit a relatively narrow range in
luminosity (standard deviation σ ∼ 0.1− 0.6 mag;
e.g., McLure et al. 2004; Dunlop et al. 2003, 1993;
Kotilainen et al. 1998). Therefore, we have esti-
mated the contribution from this emission com-
ponent using the elliptical galaxy template of
Mannucci et al. (2001), which extends from near-
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IR to UV frequencies, and assuming a fixed ab-
solute luminosity in the (rest-frame) R-band of
MR = −23.2 mag. This is the average value ob-
tained by McLure et al. (2004) for the host galaxy
luminosities of a sample of 41 radio galaxies im-
aged with the Hubble Space Telescope in the (ob-
server’s frame) I-band. The green, solid curves in
Figs. 4 and 5 show our results.
5. Results and Discussion
We now address the main question of this pa-
per: Have we found among this subsample of “X-
ray loud” radio quasars as expected strong-lined
blazars with νpeak > 10
15 Hz and thus X-rays
dominated by synchrotron emission?
5.1. Is the X-ray Emission Synchrotron?
In a representation of the SED as a logarith-
mic νfν − ν plot (as in Figs. 4 and 5) the
two main jet components, synchrotron and inverse
Compton radiation, form two humps peaking at
lower and higher energies, respectively. The syn-
chrotron emission in our sources presumably peaks
at UV/soft-X-ray frequencies. Therefore, if the X-
ray emission was synchrotron in origin, it would be
necessarily the part of the synchrotron spectrum
after the emission peak and thus curved down-
ward. In the simplest approximation this means
that in this case a single power-law with slope
Γ > 2 is expected.
In our sample, 7/10 sources are well fit by a
single power-law, however, all with values Γ <
2. Therefore, synchrotron X-ray emission is not
observed in the large majority of our sources.
Three sources, namely, WGA J0447−0322, RGB
J0112+3818, and RGB J2229+3057, are well fit
by a broken power-law. The best-fits give in all
three cases soft and hard spectral indices Γsoft > 2
and Γhard < 2, respectively. This suggests that, as
in “intermediate” BL Lacs, we observe the spec-
tral transition between the synchrotron and in-
verse Compton jet components, which in these ra-
dio quasars occurs at relatively low X-ray energies
of E ∼ 1− 1.5 keV.
5.2. Is the Synchrotron Peak in the UV?
In the seven sources well fit by a single power-
law synchrotron emission does not dominate at
X-ray frequencies. Therefore, the X-ray emis-
sion is either produced by the inverse Compton
jet component as in “classical” FSRQ, indicating
a relatively low νpeak, or by an emission com-
ponent unrelated to the jet, indicating that the
jet is generally weak. The first scenario is ex-
cluded by the αrx values of our sources, which are
much lower than the typical value of αrx ∼ 0.85
of “classical” FSRQ (Padovani et al. 2003). The
latter scenario seems likely. As Table 1 shows,
these FSRQ are either lobe-dominated (i.e., have
logR = logLcore/Lext < 0, where Lcore and Lext
are the radio core and extended luminosity, re-
spectively; 3/7 objects) or are only slightly core-
dominated (i.e., have 0 < logR < 0.3; 4/7 ob-
jects), which suggests that their jets are weakly
beamed. In this case a νpeak ∼> 10
15 Hz cannot be
excluded, but then these sources were not selected
as high-energy peaked blazar candidates based on
their jet SED.
Out of the three sources well fit by a broken
power-law, only WGA J0447−0322 has an SED
sampled simultaneously at optical/UV and X-ray
frequencies (by XMM-Newton) and an extrapola-
tion of its soft X-ray power-law to lower energies
predicts fluxes a factor of ∼ 3 below the observed
OM magnitudes. This discrepancy suggests that
a single emission component cannot account for
the fluxes at both frequencies. Therefore, either
the soft-X-ray flux is synchrotron and the opti-
cal/UV fluxes are not, in which case the accre-
tion disk could produce the optical/UV emission
(see Section 5.3), or the optical/UV magnitudes
sample the synchrotron jet component (which has
νpeak ∼> 10
15 Hz), but the observed soft X-ray
spectral slope is too flat (we refer here and in the
following to “flat” and “steep” in log νfν − log ν)
to be synchrotron emission alone.
A similar argument for an additional emis-
sion component can also be made for RGB
J2229+3057, but less stringently so, since its op-
tical/UV magnitudes and X-ray spectrum are not
simultaneous. Nevertheless, it is likely that RGB
J2229+3057 and WGA J0447−0322 are similar
cases, since their best-fit X-ray broken power-laws
have similarly flat spectral slopes and low break
energies. For RGB J0112+3818, an extrapola-
tion of the soft X-ray power-law to lower ener-
gies predicts fluxes similar to the observed optical
magnitudes. However, also for this source the op-
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tical and X-ray observations are not simultaneous
and, moreover, its soft X-ray power-law is not as
well constrained as that of WGA J0447−0322 and
RGB J2229+3057.
The fact that an emission component in ad-
dition to synchrotron is required at either opti-
cal/UV or soft X-ray frequencies (or both) for
WGA J0447−0322 and RGB J2229+3057 means
that these sources are not strong-lined analogs to
HBL. On the other hand, if instead the analogy to
“intermediate” BL Lacs holds for the three sources
well fit by a broken power-law, as suggested by
their X-ray spectrum, we expect their synchrotron
emission peak to be at relatively low frequencies
(typically νpeak ∼ 10
14 Hz; e.g., Giommi et al.
2002).
5.3. Revisiting the Selection Criteria
Given that in none of our sources we detected
an X-ray spectrum dominated by jet synchrotron
emission the important question arises: Why do
the selected radio quasars have multiwavelength
flux ratios typical of HBL? Our method selected
sources based on their high X-ray to radio flux ra-
tios (low αrx) as well as high optical to radio flux
ratios (low αro). Therefore, if it is not a jet syn-
chrotron spectrum peaking at UV/soft-X-ray fre-
quencies and dominating the X-rays that increases
both the optical and X-ray fluxes relative to that
at radio frequencies (as in HBL), a different emis-
sion component must cause a similar effect.
Since our sources are radio quasars with strong
broad emission lines, the most likely component
increasing the optical flux relative to that at radio
frequencies is the accretion disk. However, low-
redshift sources have usually low-luminosity AGN
and their optical flux could be instead enhanced
by the host galaxy emission. Our estimate of the
fluxes of these two thermal emission components
(Section 4.2) suggests that the accretion disk can
contribute significantly to the optical fluxes of the
majority of our sources (8/10 objects; see Figs.
4 and 5). The host galaxy, on the other hand,
appears to dominate the optical magnitudes of
only the two most nearby objects, namely, RGB
J2256+2618 (z = 0.121) and RGB J2318+3048
(z = 0.103).
The estimated accretion disk spectrum approx-
imate well the optical spectra of 5/8, 2/8 and 1/8
objects if a BLR covering factor of fcov = 5, 10 and
30%, respectively, is assumed. In 5/8 sources we
observe moderate variability (by factors of ∼ 2−5)
between the optical spectra and the magnitudes.
This variability behavior is compatible with that
of radio-quiet quasars (e.g., Paltani & Courvoisier
1994; Giveon et al. 1999; Vanden Berk et al. 2004;
Wilhite et al. 2005) and, as in these, it could be
due to a change in accretion rate (Pereyra et al.
2006, and references therein). In this respect we
note that in particular the simultaneous OM mag-
nitudes (and in the case of WGA J0304+0002 also
the simultaneous SDSS magnitudes) mimic the
slope of the estimated accretion disk spectrum.
Our interpretation that the host galaxy dom-
inates the optical fluxes of the two most nearby
objects is supported by the fact that they ap-
pear extended on digitized images from the Second
Palomar Sky Survey (POSS2). Additionally, their
extended near-IR magnitudes lie well above those
from the 2MASS Point Source catalog and comply
with the estimated flux and spectral shape of the
host galaxy. Similarly, their optical spectra mimic
the expected spectral shape of the host galaxy, but
the small aperture used in spectroscopy underes-
timates its flux.
Generally, accretion disk emission is expected
to be unimportant in FSRQ. Their jets are as-
sumed to be strongly beamed and to dominate the
emission even at UV frequencies, where the ac-
cretion disk spectrum peaks (D’Elia et al. 2003).
However, Landt et al. (2006, see their Fig. 11)
have recently shown that a flat radio spectrum
does not always ensure that the radio source is
highly core-dominated and thus strongly beamed.
This means that in some (few) FSRQ the accre-
tion disk emission could dominate over the (weakly
beamed) jet spectrum. As already discussed in
Section 5.2, our sample seems to fall in this cat-
egory. In this respect we note that the Chan-
dra sources were chosen also because of their ex-
tended radio emission. Nevertheless, among the
XMM-Newton sources, which were chosen based
on their estimated high νpeak, 2/4 sources are lobe-
dominated and one source has log R < 0.3.
Given that thermal accretion disk emission is
pronounced in our sources one can assume that
their X-ray fluxes are increased relative to that at
radio frequencies by the same component that ren-
ders also radio-quiet quasars strong X-ray emit-
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ters. In support of the notion that both the op-
tical/UV and X-ray fluxes in our FSRQ have a
similar (non-jet) origin as in radio-quiet quasars
are also their αox values (see Fig. 1), which are
not inconsistent with those of radio-quiet quasars
(e.g., Giommi et al. 1999; Strateva et al. 2005).
The X-ray emission of radio-quiet quasars is
usually dominated by a power-law with a flat spec-
tral index [e.g., Γ = 1.89 ± 0.11 (Piconcelli et al.
2005); Γ = 1.92+0.09
−0.08 (Just et al. 2007)], which
is generally interpreted as the Comptonized hot
corona of the accretion disk. The seven sources
well fit by a single power-law have an average
X-ray spectral index of Γ = 1.81 ± 0.04, simi-
lar (∼< 1σ level) to the averages found for radio-
quiet quasars. But more than half of these sources
(4/7 objects) show also a hint of a broken power-
law in their X-ray spectra (thin, red solid lines
in Figs. 4 and 5; see also Section 3.3). In par-
ticular, in WGA J0110−1647, WGA J2347+0852
and RGB J2318+3048 a different (steep) compo-
nent seems to emerge at higher X-ray energies
(E ∼ 7, 5 and 3 keV, respectively), and in WGA
J0304+0002 a broken power-law similar in break
energy to that observed in WGA J0447−0322 and
RGB J2229+3057 but with much flatter both soft
and hard X-ray spectral indices is evident at a
lower significance level.
Especially the case of WGA J0304+0002 sug-
gests that in the selected FSRQ the flat X-
ray power-law component present in radio-quiet
quasars adds onto the jet SED, leading to an in-
crease in total X-ray flux and to a flattening of
both soft and hard X-ray spectral slopes. Then
in sources where this component is particularly
strong relative to the jet, such as, e.g., WGA
J0110−1647, the jet inverse Compton component
can emerge only at higher energies.
To a first approximation we expect in this sce-
nario that the stronger the relativistic beaming,
the stronger the jet contribution and, therefore,
the less flattened the X-ray spectral slopes. And
indeed, two of the three sources well fit by a bro-
ken power-law are also those with the highest radio
core-dominance values in the sample (log R ∼> 2.6
for WGA J0447−0322 and log R ∼ 0.7 for RGB
J0112+3818).
The additional flat X-ray power-law will dom-
inate the jet SED in particular around the spec-
tral transition point between the synchrotron and
inverse Compton components. This is exempli-
fied by our simulations in Fig. 6 for which we
have used the average blazar SED of Giommi et al.
(2005) and to which we have added a component
with a spectral index of Γ = 2, assuming flux ra-
tios at the jet SED transition point of 1, 5, 10,
20, 30, 40, 50, 100, and 150. Therefore, an in-
creased X-ray flux relative to that at radio fre-
quencies is expected to be more pronounced in
FSRQ whose spectral break is at or around the
selection X-ray energy. In this respect we note
that 4/10 sources in our sample and 2/4 sources
observed by Padovani et al. (2002) have a detected
jet SED transition point around E = 1 keV (the
X-ray energy used to calculate the αrx and αox
values).
5.4. A Refined Selection Technique
Padovani et al. (2002) and this work presented
X-ray spectroscopy for a total of 14 “X-ray
loud” radio quasars and only one source, namely,
RGB J1629+4008, had X-rays dominated by syn-
chrotron radiation. We have shown that this
modest success in finding radio quasars with syn-
chrotron X-rays is due to the adopted selection
criteria, which efficiently select BL Lacs with syn-
chrotron X-rays, but do not work well for radio
quasars. Nevertheless, the important question re-
mains: does a large population of radio quasars
with synchrotron X-rays exist, and, if yes, how
can they be efficiently found?
An efficient selection of radio quasars candi-
date to have synchrotron X-rays could be based
on the diagram presented by Landt et al. (2006,
see their Fig. 12), which plots log Lcore/Lx ver-
sus log R, where Lcore and Lx are the radio core
and total X-ray luminosity, respectively. In this
plot high-energy peaked FSRQ are expected to
separate from the rest of the population, since
they should be those strongly core-dominated ra-
dio quasars (i.e., with log R ≫ 0) that have the
lowest Lcore/Lx ratios.
For BL Lacs values of log Lcore/Lx ∼< 6 are
known to be indicative of synchrotron X-rays
(Padovani & Giommi 1996). However, based on
the results in the previous section lower val-
ues must be chosen for radio quasars. E.g.,
whereas RGB J1629+4008, which is strongly
core-dominated (log R > 1.5), has a ratio of
log Lcore/Lx ∼ 4.5 (Landt et al. 2006), the two
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strongly core-dominated sources in our sample,
namely, WGA J0447−0322 and RGB J0112+3818,
have ratios of log Lcore/Lx ∼ 5 and ∼ 5.5
(Landt et al. 2006), respectively, which are ap-
parently not low enough to be indicative of syn-
chrotron X-rays.
But it remains to be shown if radio quasars
with synchrotron X-rays exist in large numbers
and both a positive and a negative result will
reveal highly significant AGN physics. A nega-
tive result could tell us that the so-called “blazar
sequence” (Sambruna et al. 1996; Fossati et al.
1998; Ghisellini et al. 1998) holds to some level
(Padovani 2007), which would mean that the par-
ticles in the relativistic jets of AGN strongly in-
teract with the ambient photon field, such as the
one produced by, e.g., the accretion disk - BLR
complex, already in the most inner regions where
they are produced. A positive result, on the other
hand, could mean that the basic properties of
AGN jets, such as, e.g., their powers, magnetic
field strengths or velocities, are not determined by
the presence or absence of emission line regions in
the nuclear regions.
Finding radio quasars with synchrotron X-rays
in large numbers will also provide present and
up-coming γ-ray missions, such as AGILE and
the Gamma Ray Large Area Space Telescope
(GLAST), with plenty of targets. A synchrotron
spectrum peaking at UV/soft-X-ray energies pro-
duces an inverse Compton spectrum with peak at
γ-ray frequencies. But such jets have been de-
tected so far only in a (small) part of the BL Lac
population, the HBL. Since at the high fluxes re-
quired by the sensitivity of these missions radio
quasars are by far more abundant than BL Lacs
(e.g., Padovani et al. 2007), high-energy peaked
FSRQ instead could become the prime targets.
6. Summary and Conclusions
A considerable fraction of FSRQ discovered in
the DXRBS and RGB survey have multiwave-
length flux ratios similar to those of BL Lacs with
synchrotron X-rays. However, the definite proof
of the synchrotron nature of their X-ray emis-
sion requires X-ray spectroscopy. Padovani et al.
(2002) observed four “X-ray loud” radio quasars
and found one object (RGB J1629+4008) to have
X-rays dominated by synchrotron radiation. In
this paper we have presented X-ray spectroscopy
of a further ten of these sources. The main results
are:
1. The X-ray spectrum of 7/10 sources is well
fit by a single power-law with spectral index Γ ∼< 2,
indicating that synchrotron X-ray emission is not
the dominant component. The remaining three
sources are well fit by a broken power-law with soft
and hard spectral indices Γsoft > 2 and Γhard < 2,
respectively, which, as in “intermediate” BL Lacs,
suggests that we observe the spectral transition
between the synchrotron and inverse Compton jet
components.
2. The lack of success in finding radio quasars
with X-ray spectra dominated by jet synchrotron
emission can be attributed to the employed se-
lection method. This was developed for BL Lacs
and requires the sources to have high both opti-
cal/UV and X-ray fluxes relative to that at radio
frequencies (low αrx and αro values). In the case
of radio quasars these criteria yield predominantly
those (few) sources that have a thermal and non-
thermal accretion disk component strong enough
to dominate over the (weakly beamed) jet emis-
sion. The majority of the observed FSRQ are ei-
ther lobe-dominated (i.e., have log R < 0; 4/10
objects) or are only slightly core-dominated (i.e.,
have 0 < logR < 0.3; 4/10 objects).
3. The discovered radio quasars with their rel-
atively low αro values and strong accretion disk
signatures represent a population intermediate be-
tween “classical” FSRQ and radio-quiet quasars.
This makes them unique probes for studying the
poorly known accretion disk - jet connection.
4. A refined selection technique based on the
work of Landt et al. (2006) is proposed to be used
to search for high-energy peaked FSRQ, which,
since their inverse Compton emission is expected
to peak at γ-ray frequencies, could be prime
targets for GLAST and AGILE. The recipe is:
(i) choose highly core-dominated radio quasars,
and among these (ii) choose radio quasars with
low radio core to X-ray luminosity ratios of log
Lcore/Lx ∼< 5.
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Table 1
General Properties of the Observed Sources
Object Name R.A.(J2000) Decl.(J2000) z f1keV αr fcore log R αro αox αrx galactic NH
[µJy] [mJy] [1020 cm−2]
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
RGB J0112+3818 01 12 18.049 +38 18 56.90 0.333 0.096 0.09 32.5 0.65 0.38 1.38 0.72 5.64
RGB J0254+3931 02 54 42.629 +39 31 34.75 0.291 0.344 −0.31 160.2 0.24 0.44 1.39 0.76 9.54
RGB J2229+3057 22 29 34.151 +30 57 12.10 0.322 0.203 0.15 44.2 −0.52 0.40 1.42 0.74 6.79
RGB J2256+2618 22 56 39.163 +26 18 43.55 0.121 0.208 −0.02 21.4 0.19 0.43 1.19 0.69 5.20
RGB J2318+3048 23 18 36.905 +30 48 37.00 0.103 0.185 0.12 17.5 0.12 0.29 1.35 0.65 6.34
WGA J0110−1647 01 10 35.516 −16 48 27.80 0.781 0.176 0.35 72.0 0.22 0.36 1.35 0.69 1.62
WGA J0304+0002 03 04 58.973 +00 02 35.85 0.563 0.121 0.40 8.4 −1.22 0.50 1.21 0.74 7.00
WGA J0447−0322 04 47 54.727 −03 22 42.20 0.774 0.348 0.47 68.0 >2.63 0.32 1.31 0.66 4.01
WGA J1026+6746 10 26 33.850 +67 46 12.10 1.181 0.069 0.49 84.7 −0.50 0.51 1.25 0.76 2.18
WGA J2347+0852 23 47 38.144 +08 52 46.35 0.292 0.176 0.58 8.3 −1.30 0.38 1.34 0.71 6.02
Note.—Columns: (1) object name; (2) and (3) position of the radio core measured on VLA 1.4 GHz A array map; (4) redshift; (5) unabsorbed
ROSAT X-ray flux density at 1 keV, calculated using an X-ray spectral index derived from hardness ratios; (6) radio spectral index between 1.4
and 5 GHz, calculated from the sum of the fluxes of all NVSS sources within a 3′ radius (corresponding roughly to the beam size of the GB6
survey) and the total flux from the GB6 and PMN surveys for northern and southern sources, respectively; (7) radio core flux density measured
on VLA 1.4 GHz A array map; (8) radio core dominance parameter R at 1.4 GHz, defined as R = Lcore/Lext, where Lcore and Lext are the
core and extended luminosities, respectively; k-corrected rest-frame effective spectral indices between: (9) 5 GHz and 5000 A˚, (10) 5000 A˚ and
1 keV, and (11) 5 GHz and 1 keV; and (12) galactic hydrogen column density from Dickey & Lockman (1990).
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Table 2
XMM-Newton Journal of Observations
Object Name MOS 1 MOS 2 PN observation observation
tot. exp. filt. exp. source tot. exp. filt. exp. source tot. exp. filt. exp. source ID date
[sec] [sec] counts [sec] [sec] counts [sec] [sec] counts
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
WGA J0110−1647 7506 3106 812 7508 3787 1004 7242 4233 5785 0203160401 12/17/2003
WGA J0304+0002 15157 14638 939 15162 14642 928 14964 10432 2733 0203160201 07/19/2004
WGA J0447−0322 7657 7439 1131 7662 7443 1162 7464 5238 3129 0203160101 03/06/2004
WGA J1026+6746 9957 9571 433 9962 9576 412 9764 6779 1420 0203160601 04/19/2004
Note.—Columns: (1) object name; (2) total exposure time; (3) filtered live exposure time; and (4) extracted source counts for MOS 1; (5) total
exposure time; (6) filtered live exposure time; and (7) extracted source counts for MOS 2; (8) total exposure time; (9) filtered live exposure time;
and (10) extracted source counts for PN; (11) observation ID; and (12) observation date.
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Table 3
Chandra Journal of Observations
Object Name tot. exp. filt. exp. source angle observation observation
[sec] [sec] counts [deg] ID date
(1) (2) (3) (4) (5) (6) (7)
RGB J0112+3818 16183 13815 1897 172 5641 10/07/2005
RGB J0254+3931 10708 8613 1584 153 5638 10/26/2005
RGB J2229+3057 10628 9235 3884 91 5639 05/04/2005
RGB J2256+2618 9854 8936 2042 91 5642 05/04/2005
RGB J2318+3048 11275 9219 1168 316 5643 01/25/2005
WGA J2347+0852 16675 14440 4936 128 5640 08/20/2005
Note.—Columns: (1) object name; (2) total exposure time; (3) filtered live exposure time; (4)
extracted source counts; (5) nominal roll angle; (6) observation ID; and (7) observation date.
Table 4
EPIC Single Power-Law Fits
Object Name NH Γ f(0.2−2.4) f(2−10) χ
2
ν/dof F-test
[1020 cm−2] [erg s−1 cm−2] [erg s−1 cm−2] null prob.
(1) (2) (3) (4) (5) (6) (7)
WGA J0110−1647 1.62 fixed 1.96±0.04 1.44e−12 1.19e−12 1.08/306
0.62+0.64−0.58 1.88
+0.07
−0.06 1.48e−12 1.28e−12 1.07/305 0.011
WGA J0304+0002 7.00 fixed 1.93±0.05 2.98e−13 3.53e−13 0.92/195
4.90+1.59−1.14 1.83
+0.09
−0.06 2.96e−13 3.75e−13 0.90/194 0.019
WGA J0447−0322 4.01 fixed 2.11±0.04 7.31e−13 5.63e−13 1.11/219
1.79+0.84−0.72 1.97
+0.07
−0.06 7.60e−13 6.34e−13 1.04/218 7.10e−05
WGA J1026+6746 2.18 fixed 1.76±0.08 1.99e−13 2.39e−13 1.06/97
0.60+1.84−0.60 1.68
+0.13
−0.09 2.08e−13 2.55e−13 1.05/96 0.171
Note.—Columns: (1) object name; (2) hydrogen column density; (3) photon index; (4) observed PN flux in the
range 0.2-2.4 keV; (5) observed PN flux in the 2-10 keV range; (6) reduced χ2 and number of degrees of freedom; and
(7) F -test null probability quantifying the significance of the χ2 decrease due to the addition of a new parameter (free
NH). The errors are quoted at 90% confidence.
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Table 5
ACIS Single Power-Law Fits
Object Name NH Γ f(0.3−2.4) f(2−10) χ
2
ν/dof F-test
[1020 cm−2] [erg s−1 cm−2] [erg s−1 cm−2] null prob.
(1) (2) (3) (4) (5) (6) (7)
RGB J0112+3818 5.64 fixed 1.89±0.08 4.49e−13 5.44e−13 1.07/69
4.36e−08+1.97−4.36e−08 1.67
+0.09
−0.06 4.77e−13 6.25e−13 0.88/68 2.32e−04
RGB J0254+3931 9.54 fixed 1.80±0.08 5.74e−13 8.99e−13 0.83/62
6.85+3.51−3.27 1.71
+0.14
−0.13 5.80e−13 9.47e−13 0.81/61 0.163
RGB J2229+3057 6.79 fixed 2.04±0.05 1.39e−12 1.40e−12 1.31/128
4.84e−07+1.34−4.84e−07 1.76
+0.07
−0.04 1.48e−12 1.71e−12 0.98/127 8.69e−10
RGB J2256+2618 5.20 fixed 1.66±0.06 7.12e−13 1.18e−12 1.07/77
4.85+2.84−2.66 1.65
+0.12
−0.11 7.13e−13 1.19e−12 1.08/76 0.789
RGB J2318+3048 6.34 fixed 1.67±0.09 3.93e−13 6.70e−13 0.78/46
1.91+4.01−1.91 1.52
+0.16
−0.13 4.04e−13 7.38e−13 0.72/45 0.039
WGA J2347+0852 6.02 fixed 1.86±0.04 1.10e−12 1.40e−12 1.34/147
3.83+1.43−1.35 1.78±0.07 1.12e−12 1.49e−12 1.30/146 0.031
Note.—Columns: (1) object name; (2) hydrogen column density; (3) photon index; (4) observed ACIS flux in the range
0.3-2.4 keV; (5) observed ACIS flux in the 2-10 keV range; (6) reduced χ2 and number of degrees of freedom; and (7) F -test
null probability quantifying the significance of the χ2 decrease due to the addition of a new parameter (free NH). The errors
are quoted at 90% confidence.
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Table 6
EPIC Broken Power-Law Fits
Object Name NH Γsoft Γhard Ebreak f(0.2−2.4) f(2−10) χ
2
ν/dof F-test
[1020 cm−2] [keV] [erg s−1 cm−2] [erg s−1 cm−2] null prob.
(1) (2) (3) (4) (5) (6) (7) (8) (9)
WGA J0110−1647 1.62 fixed 1.97±0.04 −3.00(unc.) 6.91+0.47
−0.39 1.43e−12 1.68e−12 1.03/304 1.29e−04
WGA J0304+0002 7.00 fixed 2.07+0.33
−0.10 1.81
+0.10
−0.09 1.26
+0.54
−0.55 2.92e−13 3.78e−13 0.89/193 0.012
WGA J0447−0322 4.01 fixed 2.28+0.07
−0.08 1.74
+0.11
−0.17 1.62
+0.53
−0.32 7.26e−13 7.27e−13 0.94/217 9.71e−09
WGA J1026+6746 2.18 fixed 1.96+0.82
−0.23 1.66
+0.11
−0.27 0.99
+2.05
−0.54 2.02e−13 2.61e−13 1.05/95 0.246
Note.—Columns: (1) object name; (2) hydrogen column density; (3) soft photon index; (4) hard photon index; (5) break energy; (6)
observed PN flux in the range 0.2-2.4 keV; (7) observed PN flux in the 2-10 keV range; (8) reduced χ2 and number of degrees of freedom and
(9) F -test null probability quantifying the significance of the χ2 decrease due to the addition of two parameters (from a single power-law fit
with Galactic absorption to a broken power-law fit). The errors are quoted at 90% confidence.
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Table 7
ACIS Broken Power-Law Fits
Object Name NH Γsoft Γhard Ebreak f(0.3−2.4) f(2−10) χ
2
ν/dof F-test
[1020 cm−2] [keV] [erg s−1 cm−2] [erg s−1 cm−2] null prob.
(1) (2) (3) (4) (5) (6) (7) (8) (9)
RGB J0112+3818 5.64 fixed 2.57+0.59
−0.29 1.74±0.09 0.86
+0.15
−0.17 4.72e−13 6.18e−13 0.82/67 6.89e−05
RGB J0254+3931 9.54 fixed 1.97+0.55
−0.27 1.72
+0.11
−0.84 1.17(unc.) 5.76e−13 9.50e−13 0.81/60 0.223
RGB J2229+3057 6.79 fixed 2.31+0.22
−0.11 1.70
+0.17
−0.15 1.50
+0.43
−0.47 1.40e−12 1.78e−12 1.02/126 3.79e−08
RGB J2256+2618 5.20 fixed 1.69+2.88
−4.69 1.59
+8.41
−4.59 2.34(unc.) 7.10e−13 1.22e−12 1.09/75 0.775
RGB J2318+3048 6.34 fixed 1.78+0.09
−0.12 1.00
+0.51
−1.30 3.01
+1.76
−1.49 3.91e−13 8.72e−13 0.65/44 0.007
WGA J2347+0852 6.02 fixed 1.90±0.05 0.60+0.74
−1.48 4.64
+1.17
−0.97 1.10e−12 1.82e−12 1.28/145 0.013
Note.—Columns: (1) object name; (2) hydrogen column density; (3) soft photon index; (4) hard photon index; (5) break energy; (6)
observed ACIS flux in the range 0.3-2.4 keV; (7) observed ACIS flux in the 2-10 keV range; (8) reduced χ2 and number of degrees of
freedom and (9) F -test null probability quantifying the significance of the χ2 decrease due to the addition of two parameters (from a single
power-law fit with Galactic absorption to a broken power-law fit). The errors are quoted at 90% confidence.
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Table 8
Near-IR, Optical and UV Magnitudes
Object Name 2MASS⋆ APM GALEX
J H Ks O E FUV NUV
1.235 µm 1.622 µm 2.159 µm 4100 A˚ 6500 A˚ 1530 A˚ 2310 A˚
[mag] [mag] [mag] [mag] [mag] [mag] [mag]
(1) (2) (3) (4) (5) (6) (7) (8)
RGB J0112+3818 15.5 14.6 13.9 17.3 16.5
RGB J0254+3931 15.9 (16.1) 15.3 (15.4) 14.4 (13.9) 16.4 15.4
RGB J2229+3057 15.5 14.7 14.3 16.4 15.8
RGB J2256+2618 15.9 (15.0) 15.1 (13.8) 14.6 (13.8) 18.3 16.7 21.7 21.0
RGB J2318+3048 15.2 (14.3) 14.4 (13.9) 13.9 (13.3) 17.3 20.2 19.5
WGA J0110−1647 15.0 14.7 14.0 15.9 16.2 17.2 16.5
WGA J0304+0002 16.5 15.9 15.2 18.4 19.7 19.1
WGA J0447−0322 14.7 14.5 13.8 16.3 16.0
WGA J2347+0852 15.6 (15.2) 14.8 (14.2) 13.8 (13.5) 17.1 16.2 18.0 17.7
⋆magnitudes from the Extended Source catalog are listed in parenthesis
Table 9
XMM-Newton Optical Monitor Data
Object Name V B U UVW1 UVM2 observation
λ5430 λ4500 λ3440 λ2910 λ2310 date
[mag] [mag] [mag] [mag] [mag]
(1) (2) (3) (4) (5) (6) (7)
WGA J0110−1647 16.42±0.01 16.642±0.007 15.587±0.006 15.241±0.008 12/17/2003
WGA J0304+0002 18.76±0.02 19.04±0.07 18.07±0.05 17.75±0.05 07/19/2004
WGA J0447−0322 16.33±0.03 16.66±0.01 15.76±0.01 03/06/2004
WGA J1026+6746 18.41±0.06 17.49±0.02 17.07±0.02 17.23±0.05 03/23/2004
17.09±0.03 04/19/2004
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Table 10
Accretion Disk Model Parameters
Object Name LBLR M˙ FWHM broad MBH m˙
[erg/s] [M⊙/yr] [km/s] line [M⊙]
(1) (2) (3) (4) (5) (6) (7)
RGB J0112+3818 2.7e+44 0.8 3144 Mg II 3e+08 0.08
RGB J0254+3931 1.4e+44 0.4 3244 Hβ 2e+08 0.05
RGB J2229+3057 2.6e+44 0.8 5467 Hβ 8e+08 0.03
RGB J2256+2618 6.9e+42 0.02 7888 Hβ 3e+08 0.002
RGB J2318+3048 5.9e+42 0.02 6645 Hβ 2e+08 0.003
WGA J0110−1647 1.5e+45 5 3853 Mg II 1e+09 0.1
WGA J0304+0002 2.7e+44 0.8 7404 Hβ 2e+09 0.01
WGA J0447−0322 6.5e+45 19 4595 Mg II 3e+09 0.2
WGA J1026+6746 1.1e+46 32 6646 Mg II 8e+09 0.1
WGA J2347+0852 8.1e+43 0.2 7926 Hβ 9e+08 0.005
Note.—Columns: (1) object name, (2) BLR luminosity, (3) accretion rate (in solar
masses per year) calculated from the BLR luminosity assuming a covering factor of 10%,
(4) FWHM of the broad emission line listed in (5), (6) mass of the black hole (in solar
masses) calculated from the FWHM and the BLR luminosity assuming a covering factor
of 10%, and (7) dimensionless accretion rate defined as m = M˙/M˙E, where M˙E is the
accretion rate at the Eddington limit. See text for more details.
20
Fig. 1.— (αro, αox) plane for FSRQ from the DXRBS and RGB survey observed with XMM-Newton (open
circles) and Chandra (filled circles). The effective spectral indices are defined in the usual way and calculated
between the rest-frame frequencies of 5 GHz, 5000 A˚, and 1 keV. The dashed line represents the locus of
constant αrx = 0.78, with αrx ∼> 0.78 and αrx ∼< 0.78 being typical of BL Lacs with X-rays dominated
by inverse Compton (LBL) and synchrotron radiation (HBL), respectively. The “HBL box” as defined by
Padovani et al. (2003) represents the 2 σ region around the mean αro, αox, and αrx values of HBL.
21
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Fig. 2.— EPIC MOS (black) and PN (grey) spectra fit with a single power-law with Galactic hydrogen
column density for WGA J0110−1647, WGA J0304+0002, and WGA J1026+6746, and with a broken
power-law with Galactic hydrogen column density for WGA J0447−0322.
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Fig. 3.— ACIS spectra fit with a single power-law with Galactic hydrogen column density for RGB
J0254+3931, RGB J2256+2618, RGB J2318+3048, and WGA J2347+0852, and with a broken power-law
with Galactic hydrogen column density for RGB J0112+3818 and RGB J2229+3057.
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Fig. 4.— Observed multiwavelength SEDs of the XMM-Newton sources. The thick red solid line and circles
represent the X-ray spectrum and the magnitudes from the Optical Monitor (OM), respectively. The broken
power-law fits with marginal significance are indicated by the thin red solid line. Black circles represent
non-simultaneous data at radio, near-IR, optical, UV and X-ray frequencies. The extended near-IR fluxes
are shown as green circles. The black, solid line represents the optical spectrum. The black, dotted curves
indicate the accretion disk spectrum estimated from the broad line region (BLR) luminosity and assuming
a BLR covering factor of fcov = 5, 10 and 30% (from top to bottom). The estimated host galaxy emission
is represented by the green, solid curve. See text for more details.
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Fig. 5.— As in Fig. 4 for the Chandra sources.
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Fig. 5.— continued.
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Fig. 6.— Simulated change in observed jet SED around the transition point between the synchrotron and
inverse Compton components as a power-law component with an X-ray spectral index of Γ ∼ 2 adds to it.
Flux ratios of 1, 5, 10, 20, 30, 40, 50, 100, and 150 were assumed between this component and the jet SED
at the transition point.
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